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Introduction
Technical analysis is widely used in the currency markets. Surveys conducted among market participants over the past 20 years document the following. First, roughly 90% of market participants base their trading at least in part on technical analysis. Second, between 30% and 40% of professionals use technical analysis as their most important trading technique. Third, the importance of technical analysis has increased more strongly over the 1990s than other trading practices like the orientation on fundamentals or on customer orders. 1 )
These results cast doubt on the conventional assumptions about trading behavior in the foreign exchange market. Hence, many researchers investigated if trading rules were actually profitable in this market (see, e.g., Sweeny, 1986; Schulmeister, 1988; Levich-Thomas, 1993; Menkhoff-Schlumberger, 1995; Neely-Weller-Dittmar, 1997; Curcio-Goodhart-GuillaumePayne, 1997; Gencay-Stengos, 1998; Chang-Osler, 1999; Neely-Weller, 1999; Gencay, 1999; LeBaron, 1999; Osler, 2000; Maillet-Michel, 2000; Neely-Weller, 2003; Ohlson, 2004) .
All of these studies have found technical trading systems to be profitable when tested in sample based on daily exchange rates. However, their performance out of sample was in most cases found to be significantly worse. Some authors also found that the profitability of trading rules has declined over time (Marsh, 2000; LeBaron, 2002; Ohlson, 2004) . Studies on the performance of technical currency trading based on intraday data arrive at mixed results. Dempster-Jones (2002) and Gencay-Dacarogna-Olsen-Pictet (2003) find this type of trading to be profitable, Curcio-Goodhart-Guillaume-Payne (1997) and Neely-Weller (2003) arrive at the opposite result (for an excellent survey of all types of studies on technical analysis in different asset markets see Park-Irwin, 2004 ). * The author appreciates valuable comments from William Brock, Ramo Gencay, Michael Goldberg, Chris Neely and Carol Osler. Special thanks go to Eva Sokoll for statistical assistance and to Markus Fulmek for writing the program for testing technical trading systems. Financial assistance from the Anniversary Fund of the Österreichische Nationalbank (Austrian National Bank) is gratefully acknowledged (Project 7966).
At first glance, the results of the surveys and of the profitability studies seem puzzling. If the out-of-sample profitability of technical models is low and declining over time why does a large and rising share of professionals use these techniques?
An explanation of this puzzle could be as follows. Professional dealers and fund managers do not blindly follow technical models (as assumed by the profitability studies), but use technical signals together with other information like news about fundamentals or customer order flows in order to improve their overall trading performance (Cheung-Chinn-Marsh, 2004; CheungWong, 2000; Gehrig-Menkhoff, 2005B) . If market practitioners find ways to extract the profitable information provided by technical models, then one might observe an increasing use of technical models in practice and a declining profitability of blindly following technical models according to simulation studies.
Consider the following simple example: If a trader holds a long dollar position due to his technical model and a piece of news hit the market that indicates an imminent dollar depreciation then he will change his position immediately. The same might be true if the trader were confronted with a sudden increase of customer sell orders. In both cases, he would not wait until his model signals a short position. If market practitioners learn to extract the useful (profitable) information provided by technical models and combine this with other information, then one might observe an increasing use of technical models in practice and a declining profitability of blindly following technical models according to simulation studies.
As a first step towards gaining insights into how traders might use rules less mechanically this study sorts out the profitable and unprofitable informational content of technical trading systems. More specifically, I focus on the profitability components of a great number of models actually used in practice (1024 moving average and momentum models). The analysis is based on daily exchange rates in the single most active foreign exchange market, the DM/$ market between 1973 and 1999. An out-of-sample test of the performance of all 1024 models between 2000 and 2004 (euro/US dollar) completes the study. The main results are as follows:
• Each of these models would have been profitable over the entire sample period, 91.7% would have remained profitable between 2000 and 2004.
• The number of profitable trades is lower than the number of unprofitable trades.
• The average return per day during profitable positions is smaller than the average loss per day during unprofitable positions.
• Profitable positions last 3 to 5 times longer than unprofitable positions. Hence, the overall profitability of technical currency trading is exclusively due to the exploitation of persistent exchange rate trends.
• The 25 best performing models in each in-sample period examined were profitable also out of sample in most cases.
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•
The profitability of technical trading has been significantly lower since the late 1980s as compared to the first 15 years of the floating rate period.
I hope that this paper might help to fill the gap between the actual expectations formation and transaction behavior of technical traders and the (oversimplifying) assumptions made in theoretical models which take feed-back traders into account. For example, it is often assumed that these actors forecast by extrapolating the most recent price movements and that they continuously buy (sell) during an upward (downward) trend. Both assumptions miss the essence of trading behavior implied by technical analysis as shall later be shown.
How moving average models and momentum models work
Technical analysis tries to derive profitable buy and sell signals by isolating upward and downward price trends from oscillations around a stable level, called "whipsaws" in the traders' jargon (for an introduction into technical analysis see Neely, 1997 ; for a comprehensive treatment see Kaufman, 1987; Murphy, 1986) .
The qualitative approaches rely on the interpretation of some (purportedly) typical price configurations and contain therefore an important subjective element (note, however, that computer software can provide the basis for a more objective identification of chart configurations -see Chang-Osler, 1999; Osler, 2000; Lo-Mamaysky-Wang, 2000) .
The quantitative approaches try to isolate price runs from non-directional movements using statistical transformations of past prices. These models produce clearly defined buy and sell signals. The most common trading systems are moving average models and momentum models.
The first type of model consists of a (unweighted) short-term moving average (MAS) and an long-term moving average (MAL) of past prices. The length of MAS usually varies between 1 day (the original price series) and 8 days, that of MAL between 10 and 30 days.
The trading rule of the basic version of moving average models is as follows: Buy (go long) when the short-term (faster) moving average crosses the long-term (slower) moving average from below and sell (go short) when the converse occurs.
The second type of model works with the difference between the current price and that i days ago:
The trading rule of the basic version of momentum models is as follows: Buy (go long) when the momentum M(i) turns from negative into positive and sell (go short) in the opposite case.
There exist many modifications of moving average and momentum models (see, e.g., Kaufman, 1987, chapters 5 and 6) . This study, however, considers only the basic version.
Short-term price oscillations often cause technical models to produce "wrong" signals. In order to filter them out the signal execution is often delayed by n days according to the following rule: Execute a signal only if it remains valid over n consecutive days. In this study only the shortest possible lag of signal execution is tested (1 day).
3.
The profitability of technical trading systems and its components over the entire sample period
The simulations comprise the following models. In the case of moving average models all combinations of a short-term moving average (MAS) between 1 and 15 days and a longterm moving average (MAL) between 5 and 40 days are tested (474 models). In the case of momentum models the time span i runs from 3 to 40 days (38 models). 2 )
Each model is simulated with and without a lag of signal execution by one day (delay filter). Hence, a total of 1024 different technical trading models are analyzed.
3.1
Overview of the performance of 1024 trading systems Table 1 shows the performance of three moving average and three momentum models which are very different with respect to their price sensitivity (1973/99).
3 ) The fastest models operating with relatively short moving averages or time spans display an average duration of profitable positions between 20 and 30 days (they focus on short-term trends like the moving average model 1/16 or the momentum model 9). Most of the selected models display an duration of profitable positions between 30 and 60 days, only the moving average model 11/30 specializes on the exploitation of long-term exchange rate trends.
All of the selected models are profitable, their gross rates of return center around 10% per year. The annual rates of return represent also the excess returns from technical currency speculation because the benchmark for excessive profitability is a return of zero (given the assumption that traders do not invest own capital). Transaction costs are put at 0.02% per trade which implies a bid-ask spread of 4 basis points (according to Cheung-Chinn-Marsh, 2004; Cheung-Wong, 2000; Cheung-Chinn, 2001 , the spread was only 3 basis points in the DM/$ market). Hence, the net rate of return is by less than 1% smaller than the gross rate. Even for the fastest model (momentum 9/0 involving roughly 63 transactions per year) annual transaction costs would have amounted to only 1.27%. 4 
)
For any open position interest is earned from the long position and paid for the short position. Thus, the overall interest effect can be calculated using the information on the duration of the long and the short dollar positions and the interest differential. It turns out that during the sample period interest earnings and interest costs almost exactly (Schulmeister, 2000, p. 74f) . A similar result is reported by LeBaron (1999) .
The gross rate of return (GRR) of any technical trading model can be split into six components, the number of profitable/unprofitable positions (NPP/NPL), the average return per day during profitable/unprofitable positions (DRP/DRL), and the average duration of profitable/unprofitable positions (DPP/DPL). The following relationship holds: GRR = NPP*DRL*DPP -NPL*DRL*DPL
The selected models have the following trading pattern in common (table 1) :
• The average return per day during profitable positions is smaller than during unprofitable positions (measured in absolute terms, i.e., unsigned).
• Profitable positions last on average 3 to 6 times longer than unprofitable positions.
The overall profitability of the models is therefore due to the exploitation of persistent exchange rate trends. 5 ) The smaller fluctuations often cause technical models to produce losses, which, however, are small, precisely because the fluctuations are small.
The distribution of the single rates of return reflect these properties of technical trading systems:
• The median is negative.
• The standard deviation is several times higher than the mean.
• The distribution is skewed to the right and leptokurtotic.
The profitability of making an overall loss when blindly following a technical trading model is estimated by testing the mean of the single rates of return against zero (only if it this mean is negative does the trading rule produce an overall loss). 6 ) Since the t-statistic of almost every model shown in table 1 exceeds 4.0 one can conclude that the probability of making an -7 -overall loss by following the trading signals of these models over the entire sample period was less than 0.05%. On average they produce a mean return of 7.9% per year with a standard deviation of 1.39. The best performing models produce an annual return of roughly 12%, the worst models roughly 4%. The t-statistic of the mean of the single rates of return exceeds 2.5 in almost all cases (figure 2) which implies a probability of making an overall loss by blindly following these rules of less than 0.5%. There prevails a very close linear relationship between the gross rates of return and the t-statistic: the more profitable a model is the smaller is the probability of making an overall loss.
3.2
The pattern of profitability of technical trading models Table 2 classifies all models according to their performance as measured by the t-statistic into four groups and quantifies the components of profitability for each of them. A t-statistic greater than 4.0 is achieved by 18.2% of all models, the average rate of return per year (GRR) over these models amounts to 9.8%. The t-statistic of 38.7% of all models lies between 3.5 and 4.0 (GRR: 8.3%), 27.1% generate a t-statistic between 3.0 and 3.5% (GRR: 7.2%). The worst performing models, (t-statistic<3) with a share of 16.0%, still produce an average return of 5.7% per year. -9 -
The pattern of profitability is the same for each class of models (table 2) . The number of single losses exceeds the number of single profits, the average return per day (in absolute terms) is higher during unprofitable positions than during profitable positions, so that the overall profitability is only due to profitable positions lasting three to four times longer than unprofitable positions. The best performing models signal the shortest open positions, this is particularly pronounced with respect to the unprofitable positions (they last only 10,1 days compared to 16.9 days in the case of all models). Hence, the best performing models optimize the duration of profitable positions relative to the duration of unprofitable positions.
Momentum models perform slightly better than moving average models (table 2) . As expected, models operating with a lag of signal execution by one day produce significantly less trades than in the case of instantaneous execution. However, the average profitability of the models is slightly reduced by this delay filter (from 8.3% to 7.5% per year), mainly because it increases on average the duration of unprofitable positions to a greater extent than the duration of profitable positions.
Figures 3 to 5 show the number, the daily return and the duration of profitable positions relative to the unprofitable positions for each of the 1024 models. The models signal in almost all cases less profitable positions than unprofitable positions (the slope of the regression in figure 3 line is much smaller than 45 0 ). This is particularly true for the best performing models (tstatistic>4.0). Two conclusions can be drawn from these observations. First, the profitability of technical currency trading stems from the successful exploitation of persistent exchange rate trends. Second, the best performing models minimize the duration of unprofitable positions. Ratio between the number of profitable and unprofitable positions The figures 6 to 8 display the distribution of the 1024 trading systems by the ratios between the number of profitable and unprofitable positions, between the daily return during profitable and unprofitable positions, and between the duration of profitable and unprofitable positions. All three distributions are not symmetric. The mean of the ratio between the number of profitable and unprofitable positions (0.78) as well as the mean of the ratio between the daily return during profitable and unprofitable positions (0.74) are significantly lower than 1 and also lower than the mode and the median (very small values occur more frequently than implied by the normal distribution).
Profitable positions last on average 3.42 times longer than unprofitable positions (figure 8). At the same time the distribution of their ratio is extremely skewed to the right since very high ratios occur abnormally frequently. Hence, the high profitability of the best performing models might be the result of extraordinary high ratios between the duration of profitable and unprofitable positions which could have occurred only by chance. Table 3 summarizes the results of splitting the overall profitability of technical currency trading into the ratios of its components. Only 2.1% of all models produce a greater number of single profits than single losses. The daily return during profitable positions is in most cases (52.0%) by 20% to 30% lower than during unprofitable positions. For 65.7% of all models the average duration of profitable positions is between 2.5 and 4.0 times longer than the duration of unprofitable positions. The ratios are calculated in absolute terms, i.e., the negative sign of returns of unprofitable positions is neglected.
At first glance paradoxically, the performance of technical models is better the greater is the number of unprofitable positions relative to profitable positions. However, this effect is more than compensated by the average duration of profitable positions relative to the unprofitable positions. This ratio rises even stronger with the profitability of the models. Such a pattern reflects the general property of technical trading models: The profits from the exploitation of relatively few persistent price trends exceed the losses from many but small price fluctuations ("cut losses short and let profits run").
Parameters of technical models and their trading behavior
A clear relationship prevails between the size of the parameters of technical models and their sensitivity to price changes ("speed") and, hence, their "specialization" on the exploitation of price trends by their duration.
In the case of moving average models (figure 9), the duration of the profitable positions increases with the difference between the length of the short-term and the long-term moving averages (the smaller this difference is the more crossovers occur between both moving averages). The average duration of profitable positions produced by momentum models increases almost monotonically with the size of the time span i.
The relationship between the length of the long-term moving average and the profitability of moving average models is displayed in figure 11 taking the models with MAS=1 and instantaneous signal execution as examples. In this case the most profitable models are those which use a long-term moving average between 15 and 35 days. The close relationship displayed in figure 11 can hardly be reconciled with a near random behavior of the exchange rate. This does not imply that one can easily select profitable models ex ante.
-14 -However, finding such relationships as in figure 11 when searching for optimal models will attract more and more traders to use technical analysis at least as an additional source of information. In the case of momentum models the highest profitability is achieved by those models which use a time span i between 10 and 25 days. However, the relationship between the performance of technical models and the size of their parameters is less close in the case of the momentum models as compared to the moving average models (figures 11 and 12).
4.
The performance of technical trading systems over subperiods
Performance of all models
The study divides the overall sample period 1973/99 into 7 subperiods each lasting 4 years except for the first subperiod which lasts for 3 years. Table 4 shows the performance of the 1024 technical models over these subperiods plus the out-of-sample period 2000-2004. The (ex-post) performance of the 1024 models over all subperiods can be summarized as follows (table 4) . First, these models would have made losses in only 840 out of 8192 cases (1024 models over 8 subperiods). Second, by far most of these losses (637) occurred over the subperiod 1992-1995, when also the average return over all models was slightly negative (-1.24%). 7 ) Third, the profitability of technical currency trading was higher over the period 1973/1987 as compared to the period 1988/2004. However, there is no clear trend of declining returns within the latter period.
The fact that persistent exchange rate trends of varying lengths occur "abnormally" frequently does not ensure the profitability of technical trading ex ante. If, e.g., a trader selects a model that would have performed best over the most recent past for trading over a subsequent period, then he might become a victim of his own "model mining" for the following reason.
The ex-post profitability of the best models consist of two components. The first stems from the "normal" non-randomness of exchange rate dynamics, namely, the occurrence of persistent price trends. The second component stems from the selection or overfitting bias since a part of the ex-post profits of the best models would have been produced only by chance (Sullivan-Timmerman-White, 1999) . Now, if the "optimal" profitability of a selected model is mainly the result of this "model mining" then this model will perform much worse over the subsequent period. However, if the in-sample profitability stems mainly from the exploitation of "usual" exchange rate trends then it might be reproduced out of sample.
Performance of the best models in sample and out of sample
In order to investigate this matter, the following exercise was carried out. In a first step the 25 best models are identified on the basis of their ex-post performance (measured by the net rate of return) over the most recent subperiod. Then the performance of the selected models is simulated over the subsequent subperiod. Table 5 summarizes the means over the gross rates of returns and over the three ratios of the profitability components of all models as well as of the 25 best models in sample and out of sample. In addition, t-statistics are calculated which test for the significance of the difference between the means of the best models and the means of all models.
7 ) An inspection of exchange rate movements points to two main reasons for the poor performance of technical models between 1992 and 1995. First, exchange rate trends were steeper and shorter over this subperiod (as well as over the last subperiod 1996/99) when compared to the preceding 18 years. Second, the size of countermovements during exchange rate trends as well as the size of short-term fluctuations ("whipsaws") were unusually large, causing technical models to produce relatively big single losses. The fact that long-term models performed comparatively better between 1992 and 1995 lends support to this explanation.
-18 - The t-statistic tests for the significance of the difference between the mean of the four variables over the 150 cases of the best models (in and out of sample) and the respective mean over the 6144 cases of all models.
As expected, the means of all three ratios of the profit components are significantly higher in the case of the 25 best models in sample than in the case of all models. Consequently, the mean annual rate of return of the best models (12.9%) is more than twice as high than the mean over all models (6.0%).
The profitability pattern of the best models out of sample is very different from the profitability pattern of all models and of the best models in sample. The mean ratio between the number of profitable and unprofitable positions as well as the mean ratio between the daily return during profitable and unprofitable positions are significantly lower in the case of the best models out of sample as compared to the average ratios over all models. Hence, these differences are even greater between the best models out of sample and in sample. Since the high values of these two ratios observed in sample can not be reproduced out of sample they should be considered as a result of "model mining".
However, the ratio between the duration of profitable and unprofitable positions of the best models out of sample is even slightly higher than in sample and consequently significantly higher than in the case of all models. Hence, that property of technical currency trading -19 -which in general accounts for its profitability, i.e., the longer duration of profitable positions relative to unprofitable positions, is reproduced out of sample.
Summary and concluding remarks
The main results of this study can be summarized as follows:
• Each of the 1024 moving average and momentum models investigated would have produced a positive overall return in the DM/dollar market between 1973 and 1999. The risk of making an overall loss when strictly following one of these models would have been close to zero.
• In the out-of-sample period between 2000 and 2004, 91.7% of the models would have remained profitable.
• The profitability of technical currency trading is exclusively due to the exploitation of persistent exchange rate trends since profitable positions last on average several times longer than unprofitable positions. At the same time, unprofitable positions occur more frequently than profitable positions and the average loss per day during unprofitable positions is higher then the average profit during profitable positions.
• These results do not change substantially when technical currency trading is examined over subperiods. With 1024 models and 8 subperiods, we have 8192 cases. In only 840 of these did the technical models produce losses.
• The out-of-sample profitability of those models which performed best in sample is slightly higher than the average in-sample profitability of all models. However, the ex-post best models perform worse out of sample than in sample.
• The profitability of technical trading has been significantly lower since the late 1980s as compared to the first 15 years of the floating rate period. However, there is no clear trend of declining returns within the period since the late 1980s.
These results do certainly not prove that one can easily make money through technical currency trading. They do, however, demonstrate that the profitability of many popular models is sufficiently high to cause an increasing number of practitioners to use them at least as an additional informational basis for their trading decisions.
When noise traders are specified in theoretical models it is often assumed that they just follow the most recent price movement, e.g., they buy whenever the price is rising. 8 ) Such an assumption does not hold true for technical analysis as the most popular form of nonfundamental trading. This is so because any technical model produces only one signal per (expected) trend, namely, in its early stage. If a (noise) trader -as assumed in theoretical models -would continuously buy (sell) during an upward (downward) trend he will systematically loose on all trades made in the late stage of a trend.
Also, technical trading does not imply a simple forecast through extrapolation as is mostly assumed in theoretical models. The expectation implied by following a technical trading signal consists of three different elements. First, in most cases a trader will incur losses when following the signal. Second, in some cases a price trend will take off in line with the signal (it is not specified when this will happen). Third, if a trend develops no forecast is implied as to how long it will last or what price level will be reached by its end. Hence, technical trading signals do not represent forecasts in any conventional sense. The main "forecast" implied by the use of technical analysis concerns the pattern of asset price dynamics as a whole. It is implicitly assumed that persistent price movements occur sufficiently often so as to more than compensate a technical trader for the more frequent losses caused by minor fluctuations. This type of expectations formation reduces the complexity of making trading decisions to the minimum required for earning profits in "trending" asset markets.
This type of expectations formation can also explain why most currency trading is done on an intraday basis even if traders consider intraday exchange rate movements unpredictable (as surveys reveal). This is so because technical models based on high frequency data enable one to trade intraday without having to make exchange rate predictions. 9 )
The general property of technical analysis -that of reducing the complexity of decision making to the minimum required for making profits in "trending" asset markets -has certainly contributed to its increasing popularity among professionals (this popularity can even be interpreted as a result of the professionals' learning from their extremely poor forecasting performance -see Bofinger-Schmidt, 2004; Menkhoff-Rebitzky-Schröder, 2005) . The widespread use of technical models based on different data frequencies -fostered by technical trading software and the internet -might also explain to a great part the level and growth of trading volume in currency markets. News alone does not emerge frequently enough to account for this volume.
The expectation formation and (potential) profitability implied by technical models are only based on a qualitative pattern in asset price dynamics, unrelated to any kind of fundamental equilibrium. Hence, Milton Friedman's argument that speculators necessarily wipe out profit opportunities by exploiting them and that they push the price to its fundamental value by doing so, does not apply for technical trading. If (more) traders attempt to exploit profit opportunities (allegedly) provided by technical models and start using these models, then the trending behavior of the respective asset price and, hence, the source of the profitability of technical analysis would rather be strengthened than weakened.
